Background -The esophagus has a different response in relation to the characteristics of a swallowed bolus. Bolus viscosity and body position may affect esophageal contraction and transit. Objective -To investigate the effect of bolus viscosity and body position on esophageal contraction, transit and perception. Methods -Esophageal contraction, transit and perception of transit were evaluated in 26 asymptomatic volunteers, 13 men and 13 women aged 18-60 years, mean: 33.6 (12.2) years. Esophageal contraction (manometry) and transit (impedance) were measured with a solid state catheter with sensors located 5, 10, 15, and 20 cm from the lower esophageal sphincter. Each volunteer swallowed in duplicate and in random sequence a 5 mL low viscous (LV) liquid bolus of an isotonic drink with pH 3.3, and a 5 mL high viscous (HV) paste bolus, which was prepared with 7.5 g of instant food thickener diluted in 50 mL of water (pH: 6.4). Results -Total bolus transit time, in the sitting position, was longer with the HV bolus than with the LV bolus. Esophageal transit was longer in the supine position than in the sitting position. Bolus head advance time was longer with the HV bolus than with the LV bolus in both positions. Contraction esophageal amplitude was higher in the supine position than in the sitting position. The perception of bolus transit was more frequent with the HV bolus than with the LV bolus, without differences related to position. Conclusion -The viscosity of the swallowed bolus and body position during swallows has an influence on esophageal contractions, transit and perception of transit.
INTRODUCTION
The esophagus has a different response in relation to the characteristics of a swallowed bolus. Swallowing a solid bolus causes an increase in amplitude of contractions and a longer bolus transit through the esophageal body compared to swallows of a liquid bolus (5, 10, 11, 18) . An increase in bolus viscosity causes a slowing of peristaltic contraction propagation (8) , a longer bolus transit (16) and an increase in contraction duration (8, 9) , without alteration of contraction amplitude (9) . Another investigation described that contraction amplitude is lower with a viscous bolus than a non viscous bolus, that the influence of the viscosity of the bolus has regional differences and that position (supine or upright) has influence on swallows of a non viscous bolus but not on swallows of a viscous bolus (16) . However, investigations with solid and liquid bolus found that peristaltic wave amplitudes and durations are greater in the supine than in the upright position (14, 18) .
There is no correlation between objective measurements of swallowing function and the perception of the bolus esophageal transit (4, 5, 12, 17) , but the perception is more frequent during viscous or solid swallows than during liquid swallows (5, 17) .
Our aim in this investigation was to evaluate, in healthy subjects, the esophageal contractions, esophageal bolus transit, and perception of esophageal transit of a low viscous liquid bolus (LV) and a high viscous paste bolus (HV) swallowed in the supine and in the sitting positions. Our hypothesis was that bolus viscosity and position have influence in esophageal contractions, transit and perception of transit.
METHOD
Esophageal contraction, transit and perception of transit were evaluated in 26 asymptomatic volunteers, 13 men and 13 women aged 18-60 years, mean 33.6 (12.2) years. Volunteers were asymptomatic, did not have digestive, pulmonary or neurologic disease, nor DOI: 10.1590/S0004-28032015000100007 swallowing problems, heartburn or regurgitation. They were recruited by advertisement inside the hospital. The investigation was approved by the Human Research Committee of the University Hospital of Ribeirão Preto. All volunteers gave written informed consent to participate in the investigation.
Esophageal contraction and transit were measured with a catheter of the Sandhill Scientific Manometry System (Highlands Ranch, CO -USA) that incorporates five pressure-(two circumferential and three unidirectional) and four impedance-measuring segments (15) . The solid state pressure transducers were placed 5 cm apart, and the impedance-measuring segment consisted of pairs of metal rings placed 2 cm apart, centered at the pressure transducers, thus straddling the four proximal pressure transducers. The signal from the catheter was transferred to an amplifying and digitalizing interface (Sensor PAC-Z, Sandhill Scientific Inc) and recorded and stored using the dedicated software Insight Acquisition (Sandhill Scientific Inc) and Bio-View Analysis (Sandhill Scientific Inc). The amplitude, duration and area under the curve (AUC) of the contractions, and the time of propagation of peristaltic contractions from 20 cm to 5 cm from the lower esophageal sphincter (LES) were analyzed on the manometric tracings and the total bolus transit time (TBTT), bolus head advance time (BHAT), bolus presence time (BPT) and segment transit time (STT) were analyzed on the impedance tracings, as previously described (15) .
The volunteers were studied initially sitting on a chair. The catheter was introduced through the nose until the distal circumferential pressure sensor registered the LES pressure. The others pressure sensor registered the pressures at 5, 10, 15, and 20 cm from the LES. The impedance values were registered at 5, 10, 15, and 20 cm from the LES. After 5 minutes of stabilization of the recording, each volunteer swallowed twice in a random sequence, in the sitting and supine positions, 5 mL of a liquid bolus (Gatorade, AMBEV, Jaquariúna SP, Brazil), an isotonic drink with pH 3.3 which was offered in a syringe, and 5 mL of a paste bolus, which was prepared with 7.5 g of instant food thickner Nutilis (Nutricia, Cuyk BV, Netherlands) diluted in 50 mL of water (pH: 6.4), offered in a spoon of 5 mL, both at room temperature. After the completion of each swallow they were asked about their perception of the bolus passage using a scoring system (12) : 1bolus passage without perception of transit; 2 -slow transit; 3 -partial blockage; 4 -complete blockage. The subjects performed 104 swallows of liquid bolus and 104 swallows of paste bolus, 52 swallows in each position for each bolus.
The viscosity of the liquid and paste boluses was measured with a rheometer (Brookfield Engineering Laboratories, Mas-sachusetts, USA) with the spindles LV-2 (liquid) and LV-3 (paste). The liquid bolus had a pH of 3.3 and a density of 1.04 g/cm 3 . The paste bolus had a pH of 6.4 and a density of 1.05 g/cm 3 . The measurement of viscosity at 26º C found for the paste bolus, with spindle rotation from 15 to 75 RPM, a range of values from 1585 cp to 3249 cp (high viscous -HV), and for the liquid bolus, with spindle rotation from 110 to 200 RPM, a range of values from 40 cp to 55 cp (low viscous -LV).
Statistical analysis was done by the Center of Quantitative Analysis of the Medical School of Ribeirão Preto USP (CEMEQ) using a linear model with mixed effects (13) . The model was adjusted using the Proc Mixed feature of the SAS software package version. The results are reported as mean and standard deviation (SD), unless otherwise stated. The differences were considered significant when P≤0.05 in a two-tailed statistical analysis. Bolus presence time was longer at 5 cm from LES for LV bolus compared with HV bolus, in the sitting and supine positions (P<0.03, Table 1 ). The bolus head advance time was longer with the HV bolus than with the LV bolus (P<0.04, Table 2 ), except for the distal esophageal body in the supine position, when there was no difference. For the segment transit time, it was longer for HV bolus in the middle esophagus in the sitting position, and for LV bolus in the distal esophagus in supine position (P<0.02, Table 2 ).
RESULTS

The
Esophageal contractions were similar for LV bolus and HV bolus (Table 3) , except in the proximal esophagus with the subjects sitting, where the amplitude and the AUC of contractions were higher with the HV bolus compared with LV bolus (P<0.05). There was no difference between HV bolus and LV bolus in the propagation of esophageal contraction The results for amplitude and AUC were higher in the supine position than in sitting position (P<0.03, Table 3 ). All contractions during LV and HV swallows were peristaltic. The perception of bolus transit was more frequent with the HV bolus than with the LV bolus (P<0.05), without differences related with the position (Figure 1 ). There was perception of transit (grades 2 and 3) in the sitting position in 48% of swallows of the HV bolus and 4% of swallows of the LV bolus, and in the supine position there was perception of 52% of swallows of the HV bolus and 8% of the LV bolus. None of the subjects had grade 4 of the scoring system.
DISCUSSION
Intraluminal impedance associated with manometry is a good method to detect abnormalities of esophageal motility. Nowadays high resolution manometry is considered the best way to perform esophageal motility evaluation (17, 18) , although solid state manometry has a high sensitivity to register esophageal contractions and impedance is able to measure esophageal transit. A viscous bolus detects more manometric abnormalities than a liquid bolus, but impedance diagnosis has a greater similarity for both liquid and viscous solutions (3) . The results we found, a longer BPT with LV than with HV boluses in distal esophagus, in the sitting and supine positions, the BHAT longer with HV bolus than with LV bolus, the contraction amplitude and AUC in the proximal esophagus higher with HV bolus than with LV bolus, in the sitting position, and contraction amplitude and AUC higher in the supine than in the sitting position, are similar to previous ones when measuring the same variables (16) .
The STT in the supine position and the BPT in both positions were longer with the LV bolus at the distal esophageal body. This transit alteration is likely caused by the low pH of the liquid bolus. An acidic bolus has a slower transit through the distal esophageal body than a neutral bolus (1, 2) , a response of the distal esophageal body that justifies the advice to patients with gastroesophageal reflux disease to not drink acidic liquids.
Bolus transit and bolus head advanced time was longer for the HV bolus than for the LV bolus, consequence of the more difficult transit through the esophagus of a viscous bolus than a non viscous bolus. The response to this slower transit was an increase in esophageal contraction amplitude only in the proximal esophagus, when the swallow was performed in the sitting position, which creates a pressure gradient between proximal and distal esophagus and facilitates the bolus flow. Evaluation of esophageal motility in the supine position described that esophageal pressure amplitude did not increase with the bolus viscosity nor with the bolus volume (9) . In supine position, a more intense contraction is needed than in the sitting position to create a pressure gradient between proximal and distal esophagus (14, 18) , thus an increase in esophageal contractions was seen for HV and LV bolus. All the observed variations should be adaptations of the normal function to the characteristic of the bolus and to body position. The clinical implication of the results is that people with ineffective esophageal motility, particularly old subjects, must not eat in the supine position and should avoid the swallow of a high viscous bolus.
The results of the present investigation showed that position has no influence in perception but swallows of a viscous bolus may be associated with transit perception in about half of the swallows performed. The swallows of a viscous bolus need adaptation of esophageal motility, which may explain the more frequent perception of bolus transit with the HV bolus. Esophageal perception of a solid bolus transit through the esophagus is associated with a loss of adaptation to bolus characteristics. In patients without perception of transit a solid bolus causes an increase in the contraction amplitude of the esophageal body, what was not seen in patients with perception (5) .
The esophageal perception of bolus transit is not always associated with esophageal contraction alterations, esophageal transit abnormalities or esophageal stasis (4, 12, 17) . Even with normal esophageal motility, it is possible to have the perception of the bolus crossing the esophageal body (4, 12) . One possibility to explain the perception of HV bolus transit is that during the test the subjects were more alert to the paste bolus than to the liquid bolus, increasing their sensitivity to perceive the bolus transit.
In the pharyngeal phase of swallowing, an increase in bolus viscosity causes a delay in bolus transit and an increase in the duration of pharyngeal peristaltic waves (7) . Bolus viscosity does not cause alteration of the amplitude of the oropharyngeal and hypopharyngeal peristaltic pressure complex (6, 7) , which suggests that there is a similarity between the effect of a HV bolus in the pharynx and esophagus.
In conclusion, swallows performed in the supine position have higher esophageal contraction amplitude than swallows performed in the sitting position, which may be an adaptation to the longer bolus transit through esophagus in supine position. A higher viscous bolus has a longer bolus head advanced time than a lower viscous bolus, but in distal esophagus the bolus presence time was longer with the lower viscous bolus we used than with a higher viscous bolus, perhaps consequence of the lower pH of the LV bolus compared with the pH of the HV bolus. The perception of bolus transit was more frequently observed with the high viscous bolus than with the low viscous bolus, without influence of the body position.
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